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To Whom It May Concern: 

BE IT KNOWN that We, Hiromichi MATSDDA, Hiroshi KOIDE^ 
Toshiyukl ANDOH and Makoto KOMATSU, citizens of Japan, 
residing respectively at 3040-108, Nogawa, Miyamae-ku, 
Kawasaki--shi, Kanagawa, Japan, 3-13-14, Tsukimino, 
Yartiato-shi, Kanagawa, Japan, 6-15-7-310, Sagamidai, 
Sagamihara-shi, Kanagawa, Japan and 1-27-9^ Fujimigaoka, 
Ninomlya-machl, Naka-gun, Kanagawa, Japan, have made a new 
and useful improvement in "BELT DRIVE CONTROL DEVICE AND 
IMAGE FORMING APPARATUS INCLUDING THE SAME" of which the 
following is the true# clear and exact specification, 
reference being had to the accompanying drawings. 
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BELT DRIVE CONTROL DEVICE AND 
IMAGE FORMING APPARATUS INCLUDING THE SAME 



The present Invention relates to a method and an 
apparatus for controlling the rotation of one of a 
5 plurality of rotary support bodies supporting an endless 
belt and to which drive torque is transferred, and an image 
forxoing apparatus including the same. 

Dftscription of the Backqi:Q]mid,ftr.t 

10 An electrophotographic image forming apparatus of 

the type including a photoconductive belt, intermediate 
image transfer belt, sheet conveying belt or similar 
endless belt is conventional. The prerequisite with this 
type of image forming apparatus is that the drive of the 

16 belt should be accurately controlled in order to insure 
high image quality. Particularly, in a tandem, color 
image forming apparatus feasible for a high speed, small 
size configuration, a belt for conveying a sheet or 
recording medium must be driven with high accuracy. More 

20 specifically, in a tandem, color image forming apparatus, 
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and endless belt conveys a sheet via a plurality of image 
forming units arranged side by side in the direction of 
conveyance and assigned to different colors. In this 
condition, toner images of different colors are 
sequentially transferred to the sheet one above the other, 
completing a color image. 

In a specific configuration of the tandem, color 
image forming apparatus, a yellow, a magenta, a cyan and 
a black Image forming unit are sequentially arranged in 
this order in the direction of sheet conveyance. The 
yellow to black image forming units each develop a toner 
image formed on a particular photoconductive drum by a 
laser scanning unit, thereby forming a toner image* Such 
toner, images are sequentially transferred one above the 
other to a sheet being conveyed by a belt while being 
electrostatically retained on the belt, completing a color 
image. Subsequently, a fixing unit fixes the color image 
on the sheet with heat and pressure. 

The above belt is passed over a drive roller and a 
driven roller, which are parallel to each other, while 
being subject to adequate tension. The drive roller is 
driven by a motor at preselected speed and causes the belt 
to turn at preselected speed* . The sheet is conveyed to 
the image forming unit side of the belt by a sheet feed 
mechanism at preselected timing. The sheet is then 
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conveyed via the consecutive image forming units at the 

same speed as the beXt, 

in the tandem, color image forming apparatus of the 

type described, it is extremely important to cause the 
5 sheet, i.e. , the belt to move at preselected speed, so that 

the toner images of different colors can be superposed on 

the sheet in accurate register. 

To accurately control the drive of any one of 

different kinds of endless belts mentioned earlier, it is 
10 a common practice to cause the drive roller to rotate at 

constant speed toy maintaining the angular velocity of the 

roo-bor or that of a gear meshing with the drive roller 

constant. This control scheme, however, cannot maintain 

the belt speed constant If the thickness of the belt is 
15 not constant, particularly in the direction in which the 

belt moves. 

To solve the above problem, Japanese Patent No. 
2,639,106, for example, proposes to control the rotation 
speed of a drive roller by measuring the thickness of a 

20 belt beforehand and then calculating the parameter of a 
drive source, which is necessary for maintaining the belt 
speed constant, on the basis of the thickness. However, 
this scheme is difficult to practice because it is 
extremely difficult to measure the fine thickness of a belt . 

25 Further, although ng extra part cost is required/ measured 
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data must be Input in the apparatus on the production line 
or the market r increasing production cost and service 
cost, 

Japanese Patent Laid-Open Publication No. 2001- 

5 228777 proposes to correct the rotation speed of a drive 
roller while measuring the thickness of a belt or to record 
the thiclcness variation of the belt over one turn and then 
correct the above rotation speed on the basis of the 
thiclcness variation* This proposal, however, has a 

10 problem that it is extremely difficult to effect real- 
time measurement of fine belt thickness and a problem that 
production cost increases because an expensive sensor, for 
example, is necessary for enhancing sensitivity - 

Further, Japanese Patent Laid-open Publication No- 

15 2000-310897 teaches a control scheme pertaining to a belt 
formed by centrifugal molding and apt to vary in thickness 
over one turn in the form of a sinusoidal wave. In 
accordance with this control scheme, before the belt is 
mounted to an apparatus body, the thickness profile or 

20 irregularity of the belt is measured over the entire 
circumference on the production line and written to a ROM 
(Read Only Memory) . Subsequently, a reference mark 
representative of a home position is provided on the belt 
at a position where the thickness profile over the entire 

26 circumference appears in the same phase. By detecting the 
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reference mark of the belt, it is possible to control belt 
drive means in such a manner as to cancel the speed 
variation of the belt ascribable to thickness variation. 
However, this control scheme is not practicable without 
5 noticeably increasing cost necessary for the production 
of the belt. 

Japanese Patent Laid-Open Publication No. 22-174932 
teaches that by storing a relation between a control target 
and errors occurred during past operation and then 
10 correcting t:ho control target. It is possible to maintain 
the movement of a belt more stable against thickness 
variation (see paragraph 0034) , This document, however, 
does not describe the correction of the control target or 
control specifically. 

16 

SHMMARY OF THK TWVEMTTnW 

It is an object of the present invention to provide 
a belt drive control method capable of maintaining the 
moving speed of a belt constant without regard to the 
20 thickness variation of the belt while preventing cost from 
Increasing, and an image forming apparatus including the 
same. 

It is another object of the present invention to 
provide a process cartridge, a program, and a recording 
25 medium Implementing such control over belt drive. 



6 



RRTFF nP.RrttTPTTQW OF THE PRAWTMGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from 
the following detailed description taken with the 
6 accompanying drawings in which: 

FIG- 1 shows a feedback control system for a belt 
for describing a relation between belt thickness and belt 
speed; 

FIGS. 2A and 2B show the relation of FIG. 1 more 
10 specifically; 

FIGS. 3A and 3B each show a particular condition 
wherein a belt wraps around a driven roller; 

FIG. 4 is a view demonstrating the principle of a 
belt drive control method of the present invention; 
15 FIG* 5 shows a generalized model of the belt drive 

control method of the present invention; 

FIG, 6 is a schematic block diagram showing specific 
control means for executing the belt drive control method 
of the present invention; 
20 FIG. 7 is a schematic block diagram showing circuitry 

to be added to the control means of FIG. 6; 

FIG* 8 is a vector diagram showing a relation between 
coefficients in the frequency components of belt thickness 
variation output from an encoder; 
25 FIG. 9 Shows two Specific methods of counting pulses 
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output from the encoder; 

FIG. 10 Is a schematic block diagram showing 
circuitry for generating a clock !f; 

FIG. 11 Is a schematic block diagram showing a 
5 schematic configuration of a phase delay setting circuit; 

FIG- 12 is a schematic block diagram showing another 
specific control m^ans applicable to a DC motor; 

FIG. 13 is a schematic block diagram showing 
circuitry for producing a clock GNcfo; 
10 FIG. 14 is a schematic block diagram showing a 

specific configuration of a digital differentiator 
included in the circuitry of FIG. 13; 

FIG. 15 shows an image forming apparatus embodying 
the present invention; 
15 FIG. 16 shows an alternative embodiment: of the 

present invention; and 

FIG. 17 shows another alternative embodiment of the 
present invention* 

20 DRSCRTPTTQW QP THF. PRKFTTRREn F.MRQDTMEMTfi 

To better understand the present invention , a 
relation between the thickness and the running speed of 
an endless belt will be described first. 

FIG. 1 shows a feedback control system for 
25 controlling an endless belt. As shown, an endless belt 
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500 is passed over a drive roller or drive rotary support 
body and a driven roller or driven rotary support body 502. 
Assxime that the thickness of the belt 500 has only a 
first-order variation component (one turn of the belt 500 
5 is one period) • A feedback control unit 700 controls the 
movemen-t of the belt 500 by feedback control. For example, 
assuming that a PLL (Phase Locked Loop) system has a 
reference frequency f„f and that an encoder 601 outputs 
a sensed frequency f, then the feedback control unit 700 
10 controls a motor 602 such that the following relation 
holds : 



15 In the above feedback control , the driven roller 502 

rotates at a constant speed wo. The influence of the 
thickness of the belt 500 under such conditions will be 
described on the assumption of the following model. 

FIGS • 2A and 2B show a relation between the thickness 

20 and the speed of the belt 500* Assume that the drive roller 
501 is rotating at a reference angular velocity. Then, 
as shown in FIG. 2A, when part of the belt 500 thicker than 
the other part is moved by the drive roller 501^ the belt 
speed increases. Conversely, as shown in FIG. 2B, the belt 

25 speed decreases when thinner part of the belt 500 is movecl 
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by the drive roller 501. Assuming that the thickness of 
the belt 500 varies sinusoidally in the circumferential 
direction, it may be practical to consider that the belt 
speed and roller speed are determined at the center P of 
5 the angle over which the belt 500 wraps around the drive 
roller 501. In this respect, assume that the drive roller 
501 and driven roller 502 have the same radius R, and that 
the belt 500 has, when wrapped around the roller 501 or 
502, an effective thickness at the center in the direction 
10 of thickness. Then, the effective thickness, which 
relates to the belt speed, at the driven roller 502 side 
is ARe which is expressed as: 

ARe = ARo + r • sin im^t+a) (1) 

15 

where ARo denotes a mean thic3cness, r denotes the amplitude 
of the thickness variation, ob denotes the angular 
velocity of the belt 500, and a denotes the phase angle 
of the thickness variation, which is assumed to be zero. 
20 As for the drive motor 602, the variation phase of 

the belt thickness is shifted by n, so that an effective 
thlcJcness ARm is expressed as: 



ARm=ARo + r -aiii (tobt— w) =5=ARo — r -sinoibt (2) 
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Therefore, a belt speed v is produced by: 

v= (R+ARo-f r *ein<id^t) © o (3) 

5 where oo denotes the angular velocity of the driven roller 
502 with which the encoder 601 is associated. Here, the 
following relation holds: 

(R + ARo — r*sin(0|yt} cam = v =» (R + ARo + r'einj,t)coo 

10 

It follows that the angular velocity om of the Motor 
602 is expressed as: 

a)m= (R-fARo + r ♦ sinob ^) wo/(R+ARo^r *sina» t ) 
16 « Cl+ {2r/ (R+ ARo)} • ama>„ t) 6> o (4) 

Conversely, when the drive motor 602 is rotated at 
the constant angular velocity oo^ the angular velocity oe 
of the driven roller 502 is also expressed as; 

20 

we** Cl+ {2r/ (R-h ARo)} • 6in<k>b t } coo (5) 

Therefore, the above control falls to prevent the 
belt speed from varying. However, because feedback is 
25 effected via the encoder 601 associated with the driven 
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roller 502, the influence of slip of the drive roller 501 
is canceled so long as the driven roller 502 and belt 500 
do not slip on each other. 

As for a relation between the wrapping angle and the 
6 running speed of the belt 500, the smaller the wrapping 
angle, the less the influence of the belt thic3cneas on the 
angular velocity of the roller 501 or 502, For example, 
as shown in FIG. 3A, when the belt 500 makes point-to- 
point contact with the driven roller 502, the angular 

10 velocity of the driven roller 502 is determined without 
being influenced by the belt thickness . In this condition^ 
however, the driven roller 502 is apt to slip on the belt 
500 f so that the encoder 601 cannot accurately sense the 
angular velocity of the driven roller 502. On the other 

15 hand, when the belt 500 wraps around the driven roller 502 
in the condition shown in FIG, 3B, the angular velocity 
of the driven roller 502 varies in accordance with the 
thickness of part of the belt 500 contacting the driven 
roller 502. 

20 Reference will be made to FIG. 4 for describing the 

principle of belt drive control unique to the present 
invention* As shown, in accordance with the present 
invention, the angular velocity of the drive roller 501 
driven by the motor or drive source and that of the driven 

25 roller 502 provided with the encoder are selectively 
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varied. More specifically, when the belt speed v is 
constant, the angular velocity of the roller 501 or 502 
around which the thickest part of the belt 500 is wrapped 
is lowered. 

In FIG, 4, taking account of the periodic variation 
of the belt thickness (first-order component)^ a dash- 
and'-dot line indicates the position of the effective 
thickness mentioned earlier that determines the effective 
belt speed. Assuming that the belt 500 is running at a 
constant speed V in the condition shown in FIG* 4, then 
the angular velocity of the driven roller 502 positioned 
at the left-hand side is expressed as: 

«L'*V/ (R + A r„.,) (6) 

where Ar^ denotes the maximum distance between the 
position of the effective thickness and the roller contact 
position of the belt 500, i.e., the maximum effective 
thickness. 

On the other hand^ the angular velocity of the 
drive roller 501 positioned at the right-hand side is 
expressed as: 



(7) 
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where ^r^^^ denotes the minlmiim distance between the 
position of the effective thickness and the roller contact 
position of the belt 500, i,e., the luinimum effective 
thickness. 

5 The mean angular velocity coo of each roller 501 or 

502 is produced by: 

«o=V/ {R+ (Ar„., + Ar„iJ /2l (8) 

10 In FIG. 4, If the encoder is mounted on the shaft 

of the driven roller 502 and if a driveline^ including the 
motor and gears / is connected to the drive roller 501 and 
subject to feedback control, then the belt 500 moves at 
the speed V* When the belt 500 is located at the position 

15 shown in FIG. 4, the speed sensed by the encoder is V/{R 
+ Ar^) which is lower than the mean rotation speed or 
target rotation speed. In this case, the feedback control 
unit 700 drives the motor in such a manner as to increase 
the rotation speed of the drive roller 501. If the 

20 rotation speed ^ of the drive roller 501 can be tuned to 
v/(R + Ar^) , then the belt moves at the constant speed 
V without regard to the periodic variation of its 
thickness. 

Referring to FIG, 5, the generalized model of the 

26 belt drive control method of the present invention will 
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be described. As shown, the belt 500 has periodic 
thickness variation/ including higher-order periodic 
variations)/ in the circumferential direction and is 
passed over three rollers 501 through 503 to move at the 
5 constant speed V« A phase shift ^ between the rotation 
variation of the driven roller 502 and that of the drive 
roller 501 ascribable to the thickness variation of the 
belt 500 is not one-half ( 9c } of t:he period of thickness 
variation. The feedback control unit 700 therefore has 
10 to effect feedback control to vary the angular velocity 
of the drive roller 501 by taking account of the phase shift 
0 , It is also necessary to set the optimum amount of 
feedback/ e.g., the optimum gain that makes the belt speed 
constant • 

15 The method of the present invention corrects the 

variation components of belt thickness with the following 
principle. Assume that the variaition of belt thickness 
is the composite of frequency components that sinuoidally 
vary/ and that belt speed and roller rotation speed ar 

20 determined at the center of the angle over which the belt 
500 wraps around the roller. The influence of belt 
thickness on belt speed varies in accordance with the above 
wrapping angle, the material of the belt 500, tension 
acting on the belt 500 and so forth. More specifically, 

25 when an apparatus is implemented with a mechanical layout 
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configured to vary the wrapping angle, it is necessary to 
consider that the influence of belt thickness on belt speed 
differs from the drive roller 501 to the driven roller 502. 
Therefore, processing to be described hereinafter is 
required. 

In the generalized model concerned, the following 
parameters are used: 

T: one rotation period of belt 

T„: N-th order variation period T/N 

(N being a natural number) of belt thictoess 

The following belt thickness is represented by a 
position in the direction of belt thickness relating to 
the effective moving speed: 

Bt^: maximum amplitude of belt N-^th order 
variation component 

B^i belt mean thickness 

Bt: belt thickness 

Bt = B,^ + B«-sin((i>Ht + a^) 

Oh * 2n/T^ 

a^i N-th order variation phase angle of belt 

when t is zero 
V: belt speed 

Rg: radius of driven roller provided with encoder 
R^: radius of driven roller provided with drivel ine 

«£•• driven roller angular speed when belt speed is 
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V 

Uq: drive roller angular speed when belt speed is 

V 

Furrher, there are defined a coefficient p at the 
drive side and a coefficient k at the encoder side as 
coefficients with which belt thickness variation 
influences belt speed in accordance with the wrapping 
angle# material and so forth of the belt* Effective belt 
thickness r which is a reference for the moving speed of 
part of the belt 500 contacting the driven roller 502, can 
be expressed as kB^^. Likewise/ effective belt thickness, 
which is a reference for the moving speed of part of the 
belt 500 contacting the drive roller 501, can be expressed 
as pBto- 

By using the various parameters mentioned above, the 
angular velocity co^ of the driven roller 502 and the angular 
velocity coo of the drive roller 501 are expressed as: 

= V/ {(Rb+ ic B B IN • fiin (Q>f,t + aN)} 

= ivy (Rb+icB,J} Cd-- {icB.h/ (Re+icB,^)l- 

sin (aiNt+aN)I 
= {V/ (Rb+cB,,)} - {V- jc/ (Re+kB,o) B.M • 

sin («>K t +01^) (9) 
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= {V/ (Ro+flB,J} - {V- fl/ (Rd+AB.J M B,^,. 
oin (a>N (t — t) H-ttK } (10) 

5 Therefore, if the driven roller 502 is driven such 

that the equations (9) and (10) are satisfied at the same 
time, the belt speed V remains constant . The second member 
of each of the equations (9) and (10) is a member dependent 
on the thickness variation of the belt 500, 
10 While the equations (9) and (10) are represented only 

by the N'-th order, they may be generalized as follows: 

o>E^ {V/ (Rb+«B,o)} - {V* k/ (Re+KB,o) SB^m' 

Bin (a>Nt + ON} (11) 

15 

o>D= (V/ (RD+i3Bto)} - {V- (Ro+fiB,o) 2B,K- 

fiin {cdk (t — ^) +au) (12) 

Specific examples of the feedback control based on 
20 the above principle will be described hereinafter. 
[Control 1] 

Control 1 is feedback control executed with a 
principle to be described hereinafter. A feedback signal 
used in Control 1 has a DC and an AC conqponent having gains 
25 Gde and G^, respectively, expressed as: 
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Gdc« {V/ (Rd+PB,o)} / IV/ (Re+«B,J} (13) 

^ (^/k) (Rb+icB,J V (Rd+^B.o) ^ (14) 

In the case where the periodic variation of belt 
thickness includes . a plurality of variation frequency 
components, the variation frequency components are 
corrected one by one on the basis of 1:he equation (14). 
Op to which variation frequency conqponent should be 
corrected is dependent on target accuracy* 

A reference signal ref with which the feedback signal 
for feedback control is to be compared is generated in 
consideration of the various parameters stated above by 
use of the following equation: 

r e f =^(Dd 

= {V/ (Ro+ff B,J} - {V- iS/ (Rt,+ eB,o) ^1 2B,„. 
sin {a>ti (t — t) +aK} (15) 

Further, a feedback signal ap^ is generated by 
processingir in consideration of the various parameters, 
the N-th frequency component which is the AC component of 
the belt variation relating to the angular velocity of the 
driven roller 502. More specifically. The amplitude of 
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the above N-th frequency conqponent Is multiplied by 
6h = (p/K) (Rs + Bta)V(RD + Bta)^ while the phase of the N-th 
frequency component is delayed by Tx - T - t, thereby 
generating a feedback signal opim* The N-th frequency 
component wpoH of the feedback signal and the N-th frequency 
variation component (second member) refj, of the reference 
signal ref are compared. 

Part of the belt 500 moving toward the drive roller 

501 involves thickness variation whose phase is delayed 
by a period of time t from thickness variation sensed by 
the encoder. To control such thickness variation with the 
encoder output, it is necessary to use a signal appeared 
a period of time t before the encoder output. That is, 
there must be used a signal delayed by T - x « Tx . 
Alternatively, the angular velocity of the driven roller 

502 represented by the equation (11) may be input as the 
reference signal ref. However, the time delay of the 
thickness variation component at the driven roller side 
up to the drive roller side must be taken into account. 

In the following description, it is assumed that the 
angular velocity of the drive roller 501 represented by 
the equation (12) Is input as the reference signal ref. 

The DC conqponent of the angular velocity of the 
driven roller 502, i.e., the encoder output is multiplied 
by 
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Gdc * (Rb + KBto)/(Ri> + pB|.^) to thereby generate the DC 
component o^Podc ot the feedback signal* The DC con^onent 
^Pdcsc of the feed back signal and the DC component refdc 
of the reference signal ref are compared. Asstune that a 
5 difference between the two signals thus compared is edc* 
In the case where the reference belt speed V varies from 
one apparatus to another apparatus due to irregularity in 
the mean thickness Bto of the belt 500, the DC component 
cjp^ of the reference signal is varied. By using the amount 

IQ by which the DC con^onent (dp^^ is varied, the mean thickness 
B|^ of the belt 500 is corrected and then used to control 
the thickness variation component thereafter. The 
reference belt speed V may be measured and adjusted in, 
e.g., a factory, 

15 To control the individual frequency components of 

belt thickness variation, the reference signal ref„, which 
causes and a„ to vary, and the feedback signal wpcK 
produced by multiplying the N-th frequency component of 
the belt variation and delaying it by T - as stated 

20 earlier, are compared, and ql„ that make the result of 
comparison eN minimum are selected. 

The variation of belt speed is minimum so long as 
it is controlled under the conditions stated above. 

Because the procedure for determining the reference 

26 signal ref (, determines a reference signal for correcting 
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the thickness variation of the belt 500, the procedure must 
be executed in a stable condition not susceptible to the 
load variation or the load of the belt driveline. For this 
purpose, in an image forming apparatus, for estample, an 
5 image transferring unit is released at a position where 
a photoconductive drum and a sheet conveying belt contact 
each other. In an image forming apparatus including an 
intermediate image transfer belt, an image transfer roller 
is released without a sheet being conveyed to a s&condary 

10 image transfer position while a cleaner is released from 
the intermediate image transfer belt* 

FIG. 6 shows control means included in the feedback 
control unit 700 for executing Control !• As shown, 
because a time delay does not have to be taken into account 

15 when it comes to a DC cotnponent, use is made of a referenc 
signal ref gdc that can be directly compared with a velocity 
signal oPajc output from the encoder. Band-pass filters 
FqPen/ corresponding in number to frequency components to 
be controlled, are arranged in parallel. A band-pass 

20 filter passes a high-frequency variation component to 
be controlled othex than the thickness variation 
components, e.g., a variation ascribable to the 
eccentricity of the roller. In FIG. 6, circuit components 
other than a servo anqplifier may be implemented by digital 

25 signal processing. 
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A low-pass filter shown In FIG. 6 may be replaced 
with band cut-off filters complementary In characteristic 
to the band-pass filters Top^, in which case the band- 
pass filter is omissible. 
6 FIG, 7 shows circuitry which may be added to the 

circuitry of FIG. 6. As shown^ the circuitry of FIG. 7 
produces a phase difference PD between the sinusoidal 
reference input ref, having the thickness variation 
frequency components and the AC component: or variation 

10 conponent o}Poh • produced by delaying the signal 
representative of the angular velocity of the driven 
roller 502 and multiplying it by the gain, as stated earlier. 
The phase of the reference signal refn is shifted such that 
the phase difference PD becomes minimum. Also, the 

16 amplitude of the reference signal ref|,is varied such that 
DC, produced by smoothing a difference Add between the 
reference signal refj, and the AC component <^pjy^, becomes 
minimum. This successfully sets a reference signal with 
a minimum of belt speed variation ascribable to belt 

20 thickness variation. The amount by which the amplitude 
of the reference signal is corrected can be determined in 
accordance with the difference output Add. 

Alternatively, there may be measured a phase 
difference and an amplitude difference between the 

25 reference signal refj, and the AC component Qp^^ so that 
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the reference signal can be iromecilately corrected in 
accordance with the phase and amplitude differences 
measured. In such a case^ the AC component ap^ is 
digitized while a controller, not shown, detects the 
resulting digital signal and then generate the reference 
input ref„. 

The gains Gdc and of the feedback signal are fixed 
constants determined by the configuration of the belt 
driveline, i,e«, positions where the belt 500 is passed 
over a plurality of rollers. For example, assuming that 
the driven roller 502 has the same radius as the drive 
roller 501, i-e,, a = then the gain is produced by: 



Because the radius of the roller is generally far 
larger than the belt thickness B^, the following relation 
holds : 



The gain 6h ntay therefore be approximately dealt with 

as: 



G„=l 



(16) 



(17) 



(18) 
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A particular tihlckness variation frequency 
component appears in each belt driveline, i^e*, depending 
on positions where the belt is passed over rollers. How 
Control 1 deals with such particular frequency coroponents 
5 will be described hereinafter. 

If the belt driveline is laid out to satisfy the 
following condition (1) or (2), then a control system, 
which corrects a frequency component matching with the 
condition, can be simplified. 

10 (1) Assume that the distance by which the belt moves 

from the driven roller to the drive roller is an even 
multiple (full wave) of one-half of the period of thickness 
variation. Then^ there holds o„t 2nNtt where N„ is a 
natural number* It follows that the equations (9) and (10) 

15 are rewritten as: 

<aE= ivy (Rb+«B,J} - {V- ic/ (Re+icB,J ^} B,k- 
sin (<k>N t + a,f) (19) 

20 {V/ (Ro+tf B,J} - {V- (Rn-t-iSB, J '} B.n- 

= (V/ (Ro+eB^JJ - {V* $/ (RD+fiB,J *} BtN- 
sin (cowt + aM) (20) 
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♦Therefore, the AC component q^^, satisfying the 
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above conditions/ can be generated by multiplying the AC 
component of the thickness variation frequency component 
derived from the encoder output by the gain G|,. I'his can 
be done without resorting to the Tt delay circuit shown 
5 in FIG. 6. 

(2) Assume that the distance by which the belt moves 
from the driven roller to the drive roller is an odd 
multiple (half wave) of one-half of the period of thickness 
variation. Then, assuming that <i^i, ^ n(2N^ + 1) where N^, 
10 is a natural number, then the equations (9) and (10) are 
rewritten as: 



Therefore^ the AC component opsN/ satisfying the 
above conditions, can be generated by inverting the AC 
component of the thickness variation frequency component 
derived from the encoder output and then multiplying it 
25 by the gain G„. This can also be done without resorting 



sin (cun t + aw) 



{V- k/ (Rb+*cBiJ M B,„- 



(21) 



15 




20 
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to the Tt delay circuit shown in FIG. 6. 

Assume the arrangement of the driven roller 502 and 
drive roller 501 shown in FIG. 1 as an exceptional 
configuration. Then, there can be executed control that 
5 controls the odd components of thickness variation, 
including a one-turn period component, without taking 
account of a delay time. Therefore, when the thickness 
variation components are taken Into account, the delay 
circuit can be omitted. For example, if the AC component 

10 or thickness variation component contains only a one-turn 
period component, then the delay circuit is not necessary 
for the configuration of FIG* 1. It suffices to feed back 
the odd components after inversion and directly feed back 
the even components* 

15 As stated above. Control 1 uses the angular velocity 

or the angular displacement of the driven roller remote 
from the drive roller. Therefore, even when the drive 
roller 501 and belt 500 slip on each other, thickness 
variation can be corrected without regard to the slip only 

20 if the driven roller 502 and belt 500 do not slip on each 
other . 
[Control 2] 

Control 2, which uses a learning method, causes the 
belt 500 to make one or more turns while sensing the 
25 amplitudes and phases of belt thickness, thereby 
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correcting thickness variation. While the motor or drive 
source may be either one of a pulse motor and a servo motor/ 
Control 2 is assumed to use a pulse motor by way of example . 
When use is made of a servo motor, a system for controlling 
the drive side to constant speed during learning is 
essential. In the event of drive after learning, it 
suffices to execute PLL control by using a clock generated 
in Control 2 as a reference. An implementation capabl 
of correcting thickness variation without regard to the 
slip of the drive roller, which is added to Control 2, will 
be described later. 

As for the correction of thickness variation. 
Control 2 uses a home sensor that outputs a single pulse 
for one turn of the belt 500. More specifically, a 
reference mark is provided on the belt 500 and sensed by 
a mark sensor affixed to a given stationary portion around 
the belt 500. . 

Assume that the thickness variation frequency 
component has an angular veloc4.ty frequency Oqi, at the drive 
roller side and has an angular velocity frequency (Oq, at 
the encoder side. Then, the feedback system executes 
control on the basis of: 



c«>dn=*Gn • «rn { t — (T — t)} 



(23) 
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where is an encoder output appearing when the belt 500 
movee at the constant speed V- The equation (19) derives 
the variation amplitude (oAb of the encoder output (a>^ as: 

Ae= {V* k/ (Rb+ic8,„) M (24) 

Al6o# the equation (20) derives the variation 
amplitude A|> of cOp,, as: 

Ao= {V- $/ (Rd+AB.J n BcN (25) 

A learning system unique to Control 2 will be 
described hereinafter. Assvime that the angular velocity 
of the drive roller is <Doo when the pulse motor is controlled 
to a preselected angular velocity without feedback* Then, 
the speed of an intermediate image transfer belt, passed 
over the drive roller, varies by Vv In accordance with the 
variation of the belt thickness « The variation Vv is 
expressed as: 



Vv«cuoo-tRD+^ B^^+e BtN*«to{o>N< t - T) + aN}3 (26) 
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=Vv/ {(RB+fcB,o+<(B,K*Biii (o)„tH-a„)) 
= <i>DO • CRp-f /3 B i^-h 0 B 4N • fiiii {«N (t — t) +aH}] 
/ {(Rfi+KB»o+«ScN -sm (cD^t + a^)} (27) 

5 

a>R**a>Do • {(Ro-f^ B / (Re+icB^o)} 

[1+ OB^h/ (Ro+i3Bt J} •am{coN(t-r)+aN)3 
tl— (icB.n/ (Re+ « B ,^)} • sin (a>Nt + aw)] 
**wdo • <<RD+/JBto) / (Re+«B,J1 
10 [1+ Bcn/ (Ro+flB, J} - sill {con (t-r) 

— (icB.n/ (Rb+'cB.JI •«in (cowt + apr)] (28) 

First, assume that the driven roller has the same 
radius as the drive roller, i.e., «d„t t for the sake of 
15 simplicity of description. At this instant, there holds 
K = p. In this case/ Q^a of the above equations 
representative of cjg is expressed as: 

a»Bi.= fl>Do- Cl-2 {$/ (Re+UBto)) B,N- 
20 sin (iDNt H-aw)} <2d} 

Also, (d^ is expressed as; 
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(Od= {V/ (Ro+^B,,)} -I- {V • jS/ (Rd+^ B,,) *} B,K* 
sm {cDNt H-a^} (30) 
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During measurement o£ belt thickness, the angular 
velocity wDo is set on the assumption that the target belt 
speed V is free from belt thickness variation, so that there 
holds 

©po = VV{Ro+ wBto) . Therefore, «d can be expressed as: 

a>o=o)Do+6>Do(3/(RD+0Btd)}BkN*sm{6>Kt +aN} (31) 

Therefore, from the equations (24) and (25), the 
amplitude Am of the frequency component of when the 
target belt speed is V Is derived as; 

Am=-2o>Do (RB+^BtJl B.n^2Ae=2Ad (32) 

In the configuration of FIG, 4 in which the driven 
roller 502 has the same radius as the drive roller 501, 
i.e., » n holds, it suffices to halve the amplitude of 
the thickness variation frequency component of the encoder 
output, which appears when the drive roller 501 is driven 
at the constant angular velocity c^, and shift the phase 
by n, thereby varying the angular velocity of the drive 
roller 501 • 

In a configuration in which the radius of the driven 
roller 502 differs from the radius of the drive roller 501, 

i.e., oNt ¥^ n holds, the thicXness variation frequency 
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component of the encoder output, appearing when the drive 
roller 501 is driven at the constant angular velocity a^o, 
has an amplitude and a phase expressed as: 



— w DO 



(33) 



B««oo • i(RD+5 B,.) / (Rb+kB..)} 
10 kB.n/ (RB+itB,.)l 

= «>oo«B.n' (Rn+iSB.J / (R«+kB,.) » (34) 

As shown in FIG. 8, C is derived from 
a « Otit - ut^x + Of, and b = w^t + a„, as follows; 

15 

C*=A'' + B*-2AB •008 (a-b) (35) 



C*«" {moo 15 Bin/ (RE+«BtJ} {«do«B,n* (Rd+0B.„) 
20 / (Rh+jcB»,) *} «-2 {*uo«flB»K/ (Rb+icB,.)) 

(o>D0 « B tN • (Rd+/J B . J / (Re+ « B •>♦€<» (— 0>M t ) 

(36) 
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/ (Rb+jcB,,) «-2 {$/ (Rb+icB,\.)} 



= Csin (— a»K «) Moo « B ,N • (Ro+ ^ B ,„) 
/ (Re+icB.o) *) /[ {«doB.n/ (Rr+kB,.)) • 

• (RD+flB,„) (Rb+<cB.J » 
-2 (Rb+jcB,,)} {« • (Rd+3B,.)}« 

«= Csin (-(Bnt)) /[ C(0/if) (Re+icB,o) ' 

/ (Ro+flB.J «+l-2 {(fi/<c) (Rb+kB.„) '1 
{(Ro+^B.J (-»„t)) "'n (39) 

c» arcsin «Csiii (-o>„t)3 /( [(l3/(e) (Rb+kB.J * 
/ <RD+0Bt.) «+l-2 {(tf/<c) (Rk+(cB,.) »1 
i(Rp+3B.J '}•«» (-«nt)] (40) 

Here, assuating that g - (Ro + pBto) / (Rg + xBto) » then 
the above phase amount c Is produced by: 

c= arcsin «(Hiii (-«„t)] /[ ({3/ (ic g)) »+l 



{k • (Rn+iSB,,)} '008 (-o)t,z)'i 



(37) 



B/ainc=C/8in {a — b) 



(38) 




-2 (U/k) g»-C08 ((BnO) '^'D) 



(41) 
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X Included in the thickness variation frequency 
component represented by the equation (28) is expressed 
as : 

X = C • Bin (a + c ) 

= C*aiii <a)N t — g)n t -I- c + a^) 

= C-8m Ca>N {t— (r— c/cttt*)} +aN)] (42) 

The equation <42) gives, when the drive roller 501 
is moving at the target angular velocity, the amplitude 
Ao of the angular velocity as: 

Ao= iV • 13/ (Rp-h^ J *} B.N (43) 

Because (o^q = vy (Rp + pSt^) holds, the above amplitude 
AD is produced by: 

Ad«- {<Odo • /5/ iRo+0B,J} B,M (44) 
Consequently, there holds: 



(45) 
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/(Re+ -cB.o) '-2 {^/(Rh+«B, J} {<c •(Rd+^ B, J}- 
cos (-a)wt)3 '-^^l 
5 {(Rb+icB,o) / (Ro+eB,,)} /[ [1+ 

(Ro+ffBeJ »/ (Re+kB.J =-2 
Ro+tf B, J / (RB+-cBt.)} (-Wnt)] ^'^'l (46) 

By substituting g = (R^ + PBt^)/(Rg + KBto) # the above 
10 constant or amplitude coefficient n is obtained as; 

n^iyU • Cl+ (ic/p) ' • g»-2 (k/^) g - cos (toN^)) '^*] 

(47) 

15 Control 2 uses a home sensor responsive to the home 

position of the belt 500, as mentioned earlier. While the 
drive roller 501 is rotated at the constant angular 
velocity uDq, data representative of angular velocity 
variation output from the encoder 601 for one-turn period 

20 are stored. The data are then siibject to frequency 
analysis or FFT (Fast Fourier Transform) to thereby 
measure the aziqplitude or pea]c C of the frequency component 
to be corrected and a period of time Thm elapsed from the 
home position where the amplitude C is detected. By 

26 comparing the equations (10) and (42) , It will be seen that 
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it suffices to generate a pulse motor control clock that 
allows an anqplitude r\Q, produced by multiplying the sensed 
amplitude or peak data C by r\, to be obtained in a period 
of time of 

6 (Thm + c/<i)„) from the home position. 

It is to be noted that calculating the angular 
velocity variation by FFT may be replaced with detecting 
an angular velocity variation frequency component with a 
band^pass filter, which passes the frequency component of 
10 belt speed variation to be reduced and ascribable to 
thickness variation. 

Next, a procedure for detecting or separating a DC 
component corresponding to the thickness variation 
frequency will be described hereinafter. The angular 
16 velocity of the driven roller 502 can be determined in 
terms of the number of pulses sensed by the encoder over 
a preselected period of time or unit time Ts because the 
nuitiber of pulses is proportional to the angular velocity 

20 The number of pulses for the unit time Ts may be 

counted by either one of the following two methods (i) and 
(ii) : 

(i) As shown in FIG. 9, I, pulses are counted over 
each preselected interval Ts; and 

26 (ii) AS Shown in FIG. S, II, pulses are counted over 
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a preselected interval Tc while the resulting count is used 
in every preselected period of time Ts' . 

The method (ii) renders the resulting data smoother 
than the method (i) . Ts or Ts' corresponds to data 
5 sampling timing. 

It is possible to detect or separate, by using a 
band-pass filter, an AC component having the thickness 
variation frequency from a velocity signal thus detected « 
The belt drive control device of the present 

10 invention will be described hereinafter. As shown in FIG. 
5/ the encoder 601, which outputs a pulse train in 
accordance with rotation, is mounted on the shaft of the 
driven roller 502. When the carrier frequency of a clock 
f input to the pulse motor, the angular velocity of the 

15 drive roller 501 varies. By modulating the frequency of 
the clock f with a sinusoidal wave whose amplitude and phase 
are adequately set at the rotation period* it is possible 
to reduce the influence of belt thickness variation on belt 
speed. To correct the N-th order belt speed variation, 

20 it suffices to modulate the clock f the N-th order 
sinusoidal wave having an adequate amplitude and an 
adequate phase. 

In the case of feed forward control that directly 
sets a pulse train for the pulse motor driveline, it is 

25 possible to correct belt thickness variation • In the case 
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of feedback control that generates a pulse train for 
conparlng the encoder output and phase, it is possible to 
correct not only belt thickness variation but also slip 
between the drive roller 501 and the belt 500. 
5 As for feed forward control, the pulse motor is 

rotated at a constant speed to cause the drive roller 501 
to rotate at the constant angular velocity 01^0- The 
frequency component of the belt variation to be reduced, 
i.e., the angular velocity variation frequency con^onent 

10 is detected by a band-pass filter and stored over th 
one-turn period. The following description will 
concentrate on the first-order variation frequency 
conqponent. Subsequently, the anqplitude C of the resulting 
variation data and a period of time Th elapsed from the 

15 home position where the zero-crossing point, i.e., 
positive-going point of the sinusoidal wave has been 
detected are measured. Thereafter, a pulse motor control 
clock in which the sinusoidal wave whose zero-crossing 
point appears in a period of time of 

20 (Th + c/oi) from the home position has an amplitude -iiC 
produced by multiplying the data C by Is generated. 

The angular velocity of the drive roller 501 is 
expressed as: 
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a) = a) o + A CO 
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Ao)=-i|C-8Wi Cwi {t- (Th+c/<a,)}3 (49) 

where oo « v/(Rn + <i»Bto) holds, and t ^ 0 occurs when the 
belt home position is sensed- The drive roller 501 must 
6 be driven such that a sinusoidal variation Aca occurs » 

A circuit for generating the clock £ will be 
described hereinafter* Assume that the reference angular 
velocity of the drive roller 501 is determined by a clock 
reference frequency fo, and that an increment frequency 
10 for varying the angular velocity of the drive roller 501 
from the reference angular velocity is Af. Then, the 
angular velocity q is expressed ass 

a)=2w (fo-f-Af)/N (50) 

15 

where N denotes the number of pulses of the clock f 
necessary for causing the drive roller 501 to make one 
rotation. 

Further, when the drive roller 501 is so modulated 
20 as to sinusoidally vary the frequency for the purpose of 
reducing belt speed variation ascribable to belt thickness 
variation, the angular velocity q of the drive roller 501 
is produced by: 
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a) = o)0 {l+A'Sin (coit + ^)} 



(51) 
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A=-7jC/mo (51a) 

(Th + c/<i>,) =-a>iTh — c (51b) 

5 Consequently^ the clock frequency f is derived from 

f = {N/2n)o as: 

f « (N/2fc) 0)0 {l+A'sin t + *)} (52) 
f=f o {l+A-fiin (ai,t + 0)} (53) 

10 

where fo is equal to (N/2n)cdo). 

The pulse width Pw o£ the above clock is produced 

by: 

16 

Pw=l/f (1/f o) [1/ {l-hA-ain (<o, t + *)}] (54) 

Pw= (1/f o) • [1-A •sin (a>, t + 0)] (55) 

20 where 1 » A. 

L pulses of pulae width data are generated for pulse 
generation within the time range of 0 ^ t < t where T « 
2n/cii>i- 

A difference APw produced by subtracting the pulse 

26 width pwo = 1/fo Of the reference frequency from Pw is 
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expressed as: 



A Pw=— (A/ f o) * oin (a> , t -I-*) 
(A» Pwo)-ein (wit + *) 



(56) 



Further/ assuming that the pulse width Pw is counted 
at a time interval of 5P, then Pwo - Nc'6P (Nc being a natural 
number) holds. Therefore, the difference APw is produced 
by: 



A basic table relating to sin((i)^t) shown above 'Is 
prepared by using: 



where n is 1, 2, .^^ 

More specifically, a sin(ci>it) basic table, 
corresponding to n included in sln(cditn) » sin(2n(n/L)}, 
is generated. 

The variation of the phase ^ is implemented by 
varying a position where the basic table thus prepared 
starts being referenced. As for the azqplitude A# 
multiplication is effected. 



APw« {-Nc •A^ain (a>it+«)} 5P 



(57) 



t„= (T/L) • n= {2 7c/ (LG>i)} • n 



(58) 
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To generate the pulses Nc times as high as fo, use 
may alternatively be made of a conventional PLL circuit 
or an oscillator outputting a signal in which a clock 
frequency Nc'fo appears- 

FIG, 10 shows a specific circuit for outputting the 
clock f. Because the sinusoidal data are easy to deal with 
when represented by an integer, M is introduced as: 

Pw=Pwo — Pwo •A-Bin <a>it + <^) 

^ [iNc -M-Nc • A-M-«n («, t + «)) /M] • 8P 

(59) 

M mentioned above is selected from M « 2°^ (m being 
a natural number) that make M'sin(a>it) an integer 
implementing required accuracy, 

A controller^ not shown, determines A based on the 
equation {51a) with a gain NcA set register, so that data 
NcA is sent from the register to an NcA multiplier- Nc 
is a natural number that allows NcA to sufficiently 
represent the accuracy of A. Also, the controller 
determines 0 by use of the equation (51b) and sends data 
[li being an Integer between 0 and L - 1) derived from 
2n - 0 to a phase delay ^ setting circuit. 

An M*sin{2n(n/L) } table ROM has a one code bit, m 
data bit configuration and outputs data 
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M'sln{2n{n/L} } stored In an address n designated by an L 
address counter. The L address counter counts 0 to L - 
1 in accordance with a clock f s == f o/K where K Is a natural 
number unconditionally determined when the size L of the 
sinusoidal wave table is determined. There holds T ^ X»K/f o, 
i.e*^ foT/L. 

After 0n pulses of the clock fS/ corresponding to 
the data ^ designated by the controller, have been counted 
in response to a home pulse output from the home sensor, 
the phase 0 set/delay circuit outputs a reset signal. 
Therefore, data can be output from the M'sln{2n (n/L) } table 
after 0n pulses have been after the home pulse* 

Subsequently, data for generating a pulse width tc 
is sent to a xc register via a multiplier and a subtracter. 
It is to be noted that omitting the data of lower bits 0 
to m - 1 included in the output of the subtracter is 
equivalent to executing division with Therefore, the 
data of lower bits 0 to m - 1 are not sent to the tc register. 
A presettable down-counter outputs the clock f on the basis 
of the data of the to register. More specifically, the 
down-coxmter is initially cleared by a reset signal CR fed 
from the controller, but inimediately produces an output 
BR In response to a clock Ncf o and sets the data of the 
tc register therein. The down-counter sequentially 
down-counts the data in accordance with the clock Ncfo. 
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As soon as the data reaches zero, the down-counter 
generates a pulse on its output BR while again setting the 
data of the tc register therein, At this time, th 
designated pulse width data is set* The BR output of the 
5 down-counter is the target clocJc f . 

FIG. 11 shows a specific configuration of the phase 
delay ^ setting circuit. The controller sets any one of 
0 to L - 1, which are the data corresponding to the 
phase {2n - ^ ) # in the phase delay ^ setting circuit. Only 
10 if the optixaxim data (2n - ^ ) or data A determined in the 
circuitry of FIG, 10 is stored in a nonvolatile memory, 
then control can be continuously executed by use of t:he 
above data so long as temperature variation or aging does 
not occur. 

15 niien It is desired to reduce slip between the belt 

500 and the drive roller 501 and thickness variation at 
the same time, reference pulses to be compared with the 
encoder output are generated so as to determine t\ ^ included 
in an equation: 

20 

Ab/C=ii' (60) 

A home sensor responsive to the home position of the 
belt 500 is provided while the drive roller 501 is rotated 
26 at a constant angular velocity so as to store data 
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representative of belt variation for the one-turn period. 
This is done in the same manner as when 
X « C'sin[o„i{t — (t - c/toi) ) + oil] is taken into account* 
The amplitude C of the variation data and a period of time 
5 Thm' from the home position where the amplitude C has been 
detected are measured. By comparing the equations (19) 
and (42), it will be seen that it suffices to generate a 
reference clock for motor control that allows an amplitude 
n'C produced by multiplying the data C by to appear in 

10 a period of time of 

(Thm' + c/«t - t) from the home position* 

Next, a specific configuration of the belt drive 
control device for executing feedback control with a DC 
motor will be described hereinafter. In this case, an 

16 encoder is mounted on the shaft of the di-ive roller 501 
also. The output of the encoder is fed back to cause the 
drive roller 501 to rotate at the constant angular velocity 
Mp, At this instant, data representative of belt variation 
for the one- turn period are stored. Subsequently, the 

20 amplitude of the variation data and a period of time Th' 
from the home position where the zero phase of the 
zero-crossing point (positive-going portion) of the 
sinusoidal wave has been detected are measured. Then, 
there is generated a control clock for a DC pulse motor 

25 that allows the sinusoidal wave to have an amplitude t\'C, 



46 



produced by multiplying the data C by n' / in a period of 
time of 

(Th' + c/toi - t) from the home position. 

The angular velocity of the driven roller 502 is 
5 expressed as: 

<k> e » 0) e o A lo e (61) 

A«e=-D 'C^oinCo>, {t- (Th^ + c/oii-t)) (62) 

10 

where oeo - V/(Re + KBto) holds ^ and t « 0 occurs when the 
belt 500 is located at its home position. In this case, 
it is necessary to control the DC motor such that a 
sinusoidal variation Aoe occurs in the driven roller 502. 

15 A pulse generating circuit for generating a 

reference clocJc fref to be compared with a pulse frequency 
fe output from the encoder will be described hereinafter. 
Assume that a clock reference frequency for determining 
the reference angular velocity of the driven roller 502 

20 is feOr and that an increment frequency for varying the 
driven roller 502 from the reference angular velocity is 
Afe, Then, the angular velocity cde of the driven roller 
502 is expressed as: 
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(oe = 2;c(feo + Afe)/Ne 
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where Ne denotes the number of pulses of the clock fe 
necessary for causing the encoder to make one rotation. 
Further, . when the driven roller 502 is so modulated 
as to slnusoidally vary the frequency in order to reduc 
5 belt speed variation ascribable to belt thickness 
variation, the angular velocity oe of the driven roller 
502 is rewritten as: 

«»e=««)eo ll +A • ditt (« I t + (64) 

10 

A=*=— ?) ' C/oi e o {64a) 

*= — ©I <Th' + c/toi— t) 

= — a>,Th' — c + WiT (64b) 

16 

The reference clock fref can be generated by 
circuitry similar to the circuitry shown in FIGS. 10 and 
11. 

When the clock stated above is substituted for the 
20 reference clock fref shown in FIG. 12, there can be reduced 
belt speed variation - ascribable to belt thickness 
variation and slip between the belt and the drive roller. 
FIG. 12 shows a conventional PLL control system including 
a phase con^arator for comparing the reference input fref 
25 and encoder output fe, a charge pump, and a loop filter* 
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In PIG, 12, a servo amplifier has a conventional current 
source type of configuration that senses a motor current. 

Hereinafter will be described a specific 
configuration using a pulse motor and the reference clock 
fref stated above and capable of reducing belt speed 
variation ascribable to belt thickness variation and slip 
between the belt and the drive roller. 

A clock fp for pulse motor control is generated in 
accordance with a difference 9e » Ofref - 6fe between the 
phase dfref of the reference frequency fref and the phase 
©fe of the pulse frequency of the encoder output. 

FIG. 13 shows circuitry including a presettable 
counter Cntw in which data output from the tc register, 
FIG. 10, is set; a word length is, e.g. , two times as great 
as the maximum reference pulse width Ppw. The presettable 
counter Cntw counts, in accordance with a clock whose 
frequency is G times as high as the frequency of the clock 
Ncfo, FIG. 10, the encodez: pulse width interval output from 
a phase comparator PD. This is equivalent to multiplying 
the gain of the control system by G = Mpl/Npl; G is a valu 
determined by a target control error. 

As shown in FIG. 13, a clock GNcfo is generated by 
a PLL circuit mad« up of a phase comparator A, a charge 
pump, a loop filter, a variable voltage controlled 
oscillator (VCO) and two 1/Npl counters. When the phase 
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of the encoder output Is delayed, the data set in the 
presettable counter Cntw is decremented (Down) to raise 
pulse frequency to be generated. When the above phase Is 
advanced, the data in the presettable counter Cntw is 
5 increased (Up) . More specifically, the data of the tc 
register is set in the presettable counter Cntw at th 
leading edge of a pulse output from the phase comparator 
PD. When the presettable counter Cntw produces a carry 
or a borrow output, i.e./ when the counter Cntw overflows, 

10 the counter Cntw Is caused to stop counting. The output 
of the presettable counter Cntw is set in a buffer register 
Bufcw at the trailing edge of the pulse output from the 
phase coDE^arator PD, The output of the buffer register 
Bufc is indicative of the pulse width of motor drive pulses. 

IB The output of the buffer register Bufcw is set in 

a presettable down^-counter Cntpg in accordance with the 
output BRg of the down^-counter Cntpg. The down-counter 
Cntpg down-counts in accordance with the clock Cnfo 
because the data of the presettable counter Cntw varies 

20 around the reference pulse width Ppw, which is based on 
the reference freq[uency fref and set in the counter Cntw, 
in accordance with the output of the phase comparator PD. 
For example, if the down-counter Cntpg is caused to 
down-count in accordance with the clock GNcfo, then the 

26 reference pulse width Ppw is also modulated. The output 
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BRg of the down--counter Cntpg is indicative of the drive 
frequency fp for the motor. A frequency converter is 
constructed in the same manner as the circuit included in 
FIG. 13 for converting the frequency Ncfo to the frequency 
5 GNcfo. 

FIG, 14 shows a specific configuration of a digital 
differentiator included in the circuitry of FIG. 13, As 
shown, the digital differentiator is configured to produce 
an output Rise differentiated at the positive-going edge 

10 of an input signal pulse D/U and an output Fall 
differentiated at the negative-going edge of the same« 
In the belt drive control device described above, 
the driven roller 502 provided with the encoder should 
preferably be located at a position where its shape is not 

15 susceptible to its own temperature variation or the 
temperature variation of rollers around it or th 
variation of ambient temperature* Stated another way, the 
encoder should preferably be located at a position where 
the variation of belt thickness ascribable to belt 

20 expansion or contraction is negligible. 

More specif ically, when roller temperature rises. 
It heats the belt 500 and thereby causes it to stretch with 
the result that the thickness of the belt 500 decreases. 
If the belt 500 wraps around the drive roller 501 before 

25 it is cooled off, then belt speed is lowered for a give 
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rotation speed of the drive roller* At this instant, the 
influence of stretch of the belt 500 is absorbed by a 
tension roller. Further, the above roller temperature is 
transferred to the side upstream of the roller. Therefore, 
6 if the encoder is located at such a position, then the 
resulting information is erroneous due to the influence 
of temperature* 

The variation of belt thickness ascribable to 
temperature stated above is longer in period than in the 

10 event of initial machining and may therefore be regarded 
as DC variation in the aspect of control. Assume that the 
encoder is located at a position where temperature varies 
little, and that control is executed in accordance with 
the output of the encoder. Then, in Control 1 or 2 and 

15 any one of the specific configurations of the drive control 
device stated earlier, information output from the encoder 
is directly fed back as a DC component. Because the DC 
component is controlled at a position. not susceptible to 
thickness variation ascribable to temperature, belt speed 

20 variation ascribable to the variation of roller 
temperature does not occur. 

The eccentricity of the drive roller and the 
eccentricity and transmission error of the drive 
transmission mechanism also result in periodic variations . 

25 In Control 1 or 2 and any one of the specific configurations 
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of the belt drive control device stated earlier, the above 
variations can be reduced if they are detected by the 
encoder and processed in the same manner as thickness 
variation. In this case, AC components different in 
5 frequency from the thickness variation are separated from 
the data representative of angular displacement or angular 
velocity sensed by the encoder. 

Part of the signal or data processing executed by 
the control means may be assigned to a microcomputer 

10 included in or separated from the controller and executing 
a preselected program stored in a ROM or a MM (Random 
Access Memory)/ which is included in the microcomputer. 
Also, the program may be stored in a ROM or similar 
semiconductor memory, a CD-ROM, CD-R or similar optical 

15 disk, an PD, HD or similar magnetic disk, a magnet tape 
or similar recording medium and interchanged or 
interchanged via a coii^uter network. 

Referring to FIG. 15, an image forming apparatus to 
which the belt drive control device described above is 

20 applicable is shown and in^lemented as a color copier by 
way of exan^le. As shown, a photoconductive element or 
image carrier 101 is implemented as an endless belt made 
up of an KL base and an OPC or similar photoconductive layer 
formed on the base as a thin film. The photoconductive 

26 element (belt hereinafter} 101 Is passed over three 



52 



rollers or rotary support bodies 102 through 104 and caused 
to turn In a direction indicated by an arrow A by a motor 
not shown • 

A charger 105, a laser scanning unit 106, developing 
5 units 107 through 110, an intermediate image transferring 
unit 111, cleaning means 112 and a quenching lamp or 
discharger 113 are sequentially arranged around the belt 
101 in this order in the direction A. The developing units 
107 through 110 are a black, a yellow, a magenta and a cyan 

10 developing unit, respectively. The charger 105 is applied 
with a high-tension voltage of about -4 kV to 5 kV from 
a power supply, not shown, and uniformly charges the 
surface of the belt 101, 

A laser driver, not shown, causes the laser scanning 

15 unit 106 to drive a laser, not shown, in accordance with 
signals produced by executing light intensity modulation 
or pulse width modulation with color-by-color image 
signals. The resulting laser beam 114 scans the charged 
surface of the belt 101 to thereby sequentially form latent 

20 images corresponding to the color-by-color image signals 
on the belt 101. When a seam sensor 115 senses the seara 
of the belt 101, a timing controller 116 controls the 
emission timing of the laser scanning unit 106 in such a 
manner as to avoid the seam and provide the latent images 

25 of different colors with the same angular displacement. 
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The developing units 107 through llO, each storing 
toner of a particular color, are selectively brought into 
contact with the belt 101 at particular timing matching 
with the latent iioages. As a result, toner images of 
different colors are superposed on each other, completing 
a four- or full-color toner image. 

The Intermediate Image transferring unit 111 is made 
up of a drum-like intermediate image transfer body (drum 
hereinafter) 117 and cleaning means 118. The drum 117 is 
formed by wrapping a belt^-like sheet formed of, e.g., 
conductive resin around a pipe formed of aluminvim or 
similar metal. The cleaning means 118 is spaced from the 
drum 117 when the developing units 107 through 110 are 
forming the full-color image on the belt 101, When the 
cleaning means 118 is brought int:o contact with the drum 
117, it removes toner left on the drum 117 without being 
transferred from the drum 117 to a sheet or recording medium 
119. A sheet cassette 120 is loaded with a stack of sheets 
119 and allows the sheets 119 to be sequentially fed to 
a conveyance path 112 one by one* 

The image transferring unit or image transferring 
means 123 transfers the full-color image from the drum 117 
to the sheet 119. The image transferring unit 123 includes 
a belt 124 formed of/ e.g«/ conductive rubber. An image 
transferring device 125 applies a bias to the sheet 119 
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for transferring the full-color image from the drum 117 
to the sheet 119. A peeler 126 applies a bias to the drum 
117 so as to prevent the sheet 119 ^ carrying the full- 
color image thereon, from electrostatically adhering to 
5 the drum 117. 

A fixing unit 127 includes a heat roller 128 r which 
accommodates a heat source therein^ and a press roller 129 
pressed against the heat roller 128. The heat roller 128 
and press roller 129 fix the full -color image on the sheet 

10 119 with heat and pressure while conveying the sheet 119. 

The operation of the color copier will be described 
more specifically hereinafter on the assumption that a 
black, a cyan, a magenta and a yellow latent image are 
sequentially developed in this order. 

16 The belt 101 and drum 117 are respectively moved in 

directions A and B by respective drive sources not shown. 
In this condition, the charger 105, applied with the 
high-tension voltage of -4 kV to 5 kV, uniformly charges 
the surface of the belt 101 to about -700 V. On the elapse 

20 of a preselected period of time since the seam sensor 115 
has sensed the seam of the belt 101, the laser scanning 
unit 106 scans the charged surface of the belt 101 with 
the laser beam 114 in accordance with black image data in 
order to avoid the seam of the belt 101. As a result, the 

26 charge disappears in part of the belt 101 scanned by the 
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laser beam 114, so that a latent Image is formed. 

The black developing unit 7 is brought into contact: 
with the belt: 101 at preselected timing and causes 
negatively charged black toner to deposit only on the 
6 latent image formed on the belt 101, producing a black toner 
image by so--called negative-to-positive development. 
The black toner image is then transferred from the belt 
101 to the drum 117. The cleaning means 112 removes the 
black toner left on t:he belt 101 aft:er t:he image transfer. 

10 Further^ the quenching lamp 113 discharges the belt 101. 

Subsequently, the charger 105 uniformly charges the 
surface of the drum 101 to about -700 V. Again, on the 
elapse of the preselected period of time since the seam 
sensor 115 has sensed the seam of the belt 101, the las r 

15 scanning unit 106 scans the charged surface of the belt 
101 with the laser beam 114 in accordance with cyan image 
data, thereby forming a latent image. The cyan developing 
unit 108 is brought into contact with the belt 101 at 
preselected timing to develop the above latent image with 

20 cyan toner, which is also charged to negative polarity, 
thereby producing a corresponding cyan toner image. The 
cyan toner image is then transferred from the belt 101 to 
the drum 117 over the black toner image. After the image 
transfer, the cleaning means 112 again cleans the surface 

25 of the belt 101, and then the quenching lamp 113 dischargas 



56 



the belt 101. 

Subsequently, the charger 105 uniformly charges the 
surface of the drum 101 to about -700 V« Again, on the 
elapse of the preselected period of time since the seam 
5 sensor 115 has sensed the seam of the belt 101, the laser 
scanning unit 106 scans the charged surface of the belt 
101 with the laser beam 114 in accordance with magenta image 
data, thereby forming a latent image. The magenta 
developing unit 109 is brought into contact with the belt 

10 101 at preselected timing to develop the above latent image 
with magenta toner, which is also charged to negative 
polarity, thereby producing a corresponding magenta toner 
image. The magenta toner image is then transferred from 
the belt 101 to the drum 117 over the black and cyan toner 

15 image. After the image transfer, the cleaning means 112 
again cleans the surface of the belt 101, and then the 
quenching lamp 113 discharges the belt 101. 

Further, the charger 105 uniformly charges the 
surface of the drvon 101 to about -700 V* Again, on the 

20 elapse of the preselected period of time since the seam 
sensor 115 has sensed the seam of the belt 101, the laser 
scanning unit 106 scans the charged surface of the belt 
101 with the laser beam 114 in accordance with yellow image 
data, thereby forming a latent image. The magenta 

25 developing unit 110 is brought into contact with the belt 
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101 at preselected timing to develop the above latent image 
with yellow toner, which is also charged to negative 
polarity, thereby producing a corresponding yellow toner 
image. The yellow toner image is then transferred from 
5 the belt 101 to the drum 117 over the black, cyan and magenta 
toner image, completing a full-color image. After the 
image transfer, the cleaning means 112 again cleans the 
surface of the belt 101, and then the quenching lamp 113 
discharges the belt 101, 

10 Subsequently, the image transferring unit 123 is 

brought into contact with the drum 117 . In this condition, 
the image transferring device 125, applied with a 
high-tension voltage of about +1 kV, transfers the 
full-color image from the drum 117 to the sheet 119 fed 

15 from the sheet cassette 120. 

A power supply applies a voltage to the peeler 126 
such that the peeler 126 electrostatically attracts the 
sheet 119 carrying the full-color Image thereon. The 
peeler 126 therefore peels off the sheet 119 from the drum 

20 117. The sheet 119 Is then conveyed to the fixing unit 
129 and has its full-color image fixed by the heat roller 
128 and press roller 129. Subsequently, the sheet or 
full-color copy Is driven out to a copy tray 131 by an outlet 
roller pair 130. 

25 After the transfer of the full-color image from the 
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drum 117 to the sheet 119, the cleaning means 118 is brought 
into contact with the drum 117 in order to remove the toner 
left on the drum 117. 

In the color copier described above, the accuracy 
5 of rotation of the belt 101 and drum 117 has critical 
influence on the quality of an image. In light of this, 
the belt drive control device stated earlier controls the 
drive of the belt 101 in such a manner as to sequentially 
form toner images of different colors free from irregular 
10 density and color shift, thereby insuring high image 
quality. 

If desired, there may be constructed a 
photoconductive belt device including the belt 101, the 
rollers 101 through 104, an encoder associated with any 

16 one of the rollers 101 through 104 inlaying the role of a 
rotary driven body, a motor assigned to another roller 
playing the role of a rotary drive body, and the belt 
driving device stated earlier. Further, the 

photoconductive belt device may be constructed into a 

20 single process cartridge removably mounted to the 
apparatus of an image forming apparatus and therefore easy 
to maintain or replace. 

FIG. 16 shows a tandem color copier which is another 
image forming apparatus to which the belt drive control 

26 device is applicable. As shown, the tandem color copier 
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includes Image forming units 221Bk (black) , 221M (magenta) , 
221Y (yellow) and 221C (cyan) positioned one above the 
other. The image forming units 22lBk, 221M, 221Y and 221C 
respectively include photoconductive drums or image 
5 carriers 222Bk, 222M, 222Y and 222C, contact type or 
similar chargers 223Bk, 223M, 223Y and 223C, developing 
devices 224Bk^ 224M, 224Y and 224C, and cleaning devices 
225Bk, 22SM, 225Y and 225C. 

The drums 222Bk through 222C face an endless belt 

10 226 and are driven at the same peripheral speed as the belt 
226 . The drum© 222Bk, 222M, 222Y and 222C are respectively 
uniformly charged by the chargers 223Bk, 223M, 223Y and 
223C and then scanned by laser scanning units or exposing 
means 227Bk, 227M, 227Y and 227C. As a result, a Bk, an 

15 M, a Y ond a C latent image are formed on the drums 222Bk, 
222M, 222Y and 222C, respectively. 

In each of the laser scanning units 227Bk, 227M, 227Y 
and 227C/ a laser driver drives a semiconductor laser in 
accordance with Bk, M, Y or C dLmage data to thereby cause 

20 the laser to emit a laser beam. The laser beam is then 
steeredby associated one of polygonal mirrors 229Bk, 229Mf 
229Y and 229C toward the drum 222Bk, 222M, 222Y or 222C 
via an fG lens and a mirror not shown, forming a latent 
image on the drum. 

25 The latent images drums 222Bk through 222C are 
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respectively developed by the developing devices 224Bk 
through 224C to become a Bk, an M, a Y and a C toner Image. 
In this sense, the chargers 223Bk through 223C/ laser 
scanning units 227Bk through 227C and developing devices 
224Bk through 224C constitute image forming means for 
forming the Bk through C toner images. 

A plain paper sheet, OHP {OverHead Projector) sheet 
or similar sheet is fed from a cassette or sheet feeder 
230 ^o a registration roller pair 231 along a conveyance 
path. The registration roller pair 231 once stops the 
sheet and then starts conveying it toward a nip between 
the belt 226 and the drum 222Bk, which is included in the 
image forming unit 221Bk of the first color) , such that 
the leading edge of the sheet meets the leading edge of 
the Bk toner image formed on the drum 222Bk. 

The belt 226 is passed over a drive roller 232 and 
a driven roller 233, The drive roller 232 is rotated by 
a driveline, not shown, at the same peripheral speed as 
the drums 222Bk through 222C. While the belt 226 conveys 
the sheet fed via the registration roller pair 231, th 
Bk, M, y and C toner images are seq[uentially transferred 
from the drisns 222Bk through 222C to the sheet one above 
the other by corona chargers or image transferring means 
234Bk through 234C, respectively. As a result, a full- 
color image is completed on the sheet. The belt 226 
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conveys the sheet while surely retaining it thereon by 
electrostatic attraction. 

Siabsequently, a separation charger or separating 
means 236 separates the sheet from the belt 226, and then 
5 a fixing unit 237 fixes the full-color image on the sheet. 
An outlet roller pair 238 conveys the sheet, carrying the 
fixed image thereon, to a stacking portion 239 positioned 
on the top of the copier. The cleaning devices 225Bk 
through 225C respectively clean the surfaces of the drums 

10 222Bk through 222C after the image transfer. 

In the color copier described above, the accuracy 
of rotation of the belt 226 has critical influence on the 
quality of an image* In light of this, the belt drive 
control device stated earlier controls the drive of the 

16 belt 226. This allows the belt 226 to be driven at constant 
peripheral speed for thereby allowing the toner images of 
different colors to be transferred from the drums 222Bk 
through 222C to the sheet in accurate register with each 
other. 

20 If desired, there may be constructed a belt conveyor 

device including the belt 226, the drive roller 232, the 
driven roller 233, an encoder associated with the driven 
roller 233, a motor assigned to the drive roller 232, and 
the belt driving device stated earlier. Further, the belt 

25 conveyor device may be constructed Into a single process 



62 



cartridge removably mounted to the apparatus of an image 
forming apparatus and therefore easy to maintain or 
replace* 

FIG. 17 shows another type of tandem color copier 
6 to which the belt drive control device is applicable. As 
shown, the color copier includes a freune or body 100, a 
sheet feed table 200 on which the frame 100 is mounted, 
a scanner 300 mounted on the frame lOO, and an ADF 
(Automatic Document Feeder) mounted on the scanner 100. 

10 An intermediate image transfer belt or endless belt 

(simply belt hereinafter) 10 is disposed in the frame 100 
and passed over a first/ a second and a third support roller 
14/ 15 and 16 to turn clockwise, as viewed in FIG. 17* In 
the specific configuration shown in FIG. 17, a cleaning 

15 device 17, assigned to the belt 10, is positioned at the 
left-hand side of the second support roller IS. Black, 
cyan, magenta and yellow image forming means 16 are 
arranged side by side along the belt 10 between the first 
and second support rollers 14 and 15, constituting a tandem 

20 image forming section 20. 

An exposing device 21 is positioned above the tandem 
image forming section 20 while a secondary image 
transferring device 22 is positioned at the. opposite side 
to the image forming section 20 with respect to the belt 

25 10. The secondary image transferring device 22 includes 
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a belt or seconciary image transfer belt 24, which is an 
endless belt passed over two rollers 23. The belt 24 is 
pressed against the third support roller 16 via the belt 
10 r so that a full-color image can be transferred from the 
5 belt 10 to a sheet. 

A fixing unit 25 is positioned beside the secondary 
image transferring device 22 and includes an endless 
fixing belt 26 and a press roller 27 pressed against the 
fixing belt 26. 

10 The secondary image transferring device 22 

additionally has a function of conveying the sheet, 
carrying a toner image thereon, to the fixing unit 25 « 
While the secondary image transferring device 22 may be 
implemented as a non-contact type charger, the above 

15 conveying function is not available with a non-contact 
type charger. 

A sheet turning device 28 is arranged below the 
secondary image transferring device 22 and fixing unit 25 
in parallel to the tandem image forming section 20, In 

20 a duplex copy mode for forming images on both sides of a 
sheet, the sheet turning device 28 turns a sheet carrying 
an image on one side thereof. 

In operation, the operator of the copier stacks 
desired documents on a document tray 30 included in the 

25 ADF 400 or opens the ADF 400, lays a document on a glass 
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platen 32 Included in the scanner 300 ^ and again closes 
the ADF 400. Siibsequently, when the operator presses a 
start switch not shown, the ADF 400 conveys one document 
to the glass platen 32, and then the scanner 300 is driven. 
5 On the other hand, when a document laid on the glass platen 
32 by hand^ the scanner 300 is immediately driven. In any 
case, in the scanner 300, a first carriage 33 in movement 
illuminates the document positioned on the glass platen 
32 while the resulting imagewise reflection from th 
10 document is reflected toward a second carriage 34 also in 
movement. The second carriage 34 further reflects the 
Incident light with a mirror toward an image sensor 36 via 
a lens 35 « 

In response to the operation of the start switch^ 
IB a motor, not shown, drives one of the support rollers 14 
through 16 for thereby causing the belt 10 to move. At 
this instant, the other support rollers are caused to 
rotate by the belt 10* At the same time, photoconductive 
drums, included in the four image forming means 18, are 
20 rotated to form a black, a yellow, a magenta and a cyan 
toner image thereon. Such toner Images are sequentially 
transferred from the dniins to the belt 10 one above the 
other, completing a full-color image* 

A sheet bank 43 includes a stack of sheet cassett s 
25 44 each being provided with a respective pickup roller 42 
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and a respective reverse roller 45. In response Ho the 
operation of the start switch, the pickup roller 42, 
assigned to designated one of the sheet cassettes 44, pays 
out a single sheet from the sheet cassette 44 while the 
reverse roller 45 separates the single sheet from the 
underlying sheets ♦ The sheet thus paid cut is conveyed 
by roller pairs 47 along a sheet feed path 4 6, which merges 
into a conveyance path 48 arranged in the frame 100. On 
the conveyance path 48, the sheet is once stopped by a 
registration roller pair 49. This is also true with a 
sheet fed from a manual feed tray 51 by a pickup roller 
52 and a reverse roller 52 along a manual sheet feed path 
53. 

The registration roller pair 49 starts conveying the 
sheet at particular timing that allows the leading edge 
of the sheet to meet the leading edge of the full-color 
image formed on the belt 10 • Subsequently, the full-color 
image is transferred from the belt 10 to the sheet by the 
secondary image transferring device 22. 

The secondary image transferring device 22 conveys 
the sheet, carrying the full<-color image thezreon, to the 
fixing unit 25, After the fixing unit 25 has fixed the 
toner image on the sheet with heat and pressure, the sheet 
or copy is steered by a path selector 55 toward an outlet 
roller pair 56 and then driven out to a copy tray 57 by 
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the outlet roller pair 56. 

After the secondary image transfer, the cleaning 
device 17 removes toner left on the belt 10 to thereby 
prepare the belt 10 for the next image formation. 
6 In the color copier shown in FIG. 17, the belt drive 

control device controls the drive of the belt 10 for thereby 
freeing the toner image formed on the belt 10 from irregular 
density and color shift. 

In the Gonf iguzration shown in FIG. 17, there may be 

10 constructed a belt conveyor device including the belt 10, 
the support rollers 14 through 16, an encoder associated 
with one support roller playing the role of a rotary driven 
body, a motor assigned to another support roller playing 
the role of a rotary drive body, and the belt driving device 

15 stated earlier. Further, the belt conveyor device may be 
constructed into a single process cartridge removably 
mounted to the apparatus of an image forming apparatus and 
therefore easy to maintain or replace. 

As stated above, in the illustrative embodiment, 

20 from data representative of the variation of the angular 
displacement or the angular velocity of the driven roller 
502 sensed by the encoder 601, the AC component of the 
angular velocity having a frequency corresponding to the 
periodic thickness variation of the belt 500 is separated. 

25 Subsequently, the rotation of the drive roller 501 is 
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controlled In accordance with the amplitude and phase of 
the AC component. Therefore, the belt 500 can move at 
constant speed without being influenced by the thickness 
variation of the belt 500 in the circumferential direction. 
This can be done at low cost because it is not necessary 
to accurately measure the thickness of the belt 500 over 
the entire circumference or to use an expensive sensor for 
measuring the thickness of .the belt 500 during control - 

The driven roller whose angular displacement or 
angular velocity is to be sensed is not limited in position, 
so that design freedom relating to the arrangement of the 
support rollers is guaranteed. Xn addition, it is not 
necessary to provide a plurality of marks on the belt 500 
at equal intervals in the circumferential direction for 
controlling the drive roller by sensing the running speed 
of the belt 500. 

If desired, the DC component of the angular velocity 
of the driven roller 502 may be separated from the data 
representative of the variation of the angular 
displacement or the angular velocity of the driven roller 
502 sensed by the encoder 601, in which case the rotation 
of the drive roller 501 will be controlled in accordance 
with the size of the DC coii%>onent. With this control, it 
is possible to control the running speed of the belt 500 
to preselected one in absolute value even when the driven 
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roller 502 and drive roller 501 are different in radius 
from each other. 

Also/ the AC component of the angular velocity of 
the driven roller 502, which has a frequency other than 
5 the frequency corresponding to the periodic thickness 
variation, may be separated, in which case the rotation 
of the drive roller 501 will be controlled in accordance 
with the amplitude and phase of the above AC component. 
In this case, there can be obviated the variation of belt 

10 speed ascribable to a cause other than the thickness 
variation, e.g., the eccentricity of the drive roller or 
-that: of the drive transmission mechanism. 

In the illustrative embodiment, if the drive roller 
501 and driven roller 502 are different in radius from each 

15 other, then the relation between the amount of movement 
of the belt and the rotation angle and the timing at which 
the same portion of the belt 500 wraps differs from the 
drive side to the driven side* As a result, conditions 
for driving the belt 500 at constant speed vary from the 

20 drive side to the driven side. 

In light of the above, it is preferable to process 
the AC signal by taking account of the radius Rp of the 
driven roller 502, the effective belt thickness kB,,„ which 
is the reference for the speed of part of the belt 500 

25 contacting the driven roller 502, the radius RD of the drive 
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roller SOl^ the effective belt thickness pB^^ which is the 
reference for the speed of part of the belt 500 contacting 
the drive roller 501, and the period of time t necessary 
for the belt 500 to move from the center of the portion 
5 where the belt 500 and driven roller 502 contact to the 
center of the portion where the belt 500 and drive roller 
501 contact • the rotation of the drive roller 501 is 
controlled in accordance with the amplitude and phase of 
the AC signal so processed* With such control, it is 
10 possible to drive the belt 500 at constant speed without 
regard to the thickness variation of the belt 500 while 
insuring design freedom as to the radiuses of the rollers 
SOI and 502 and the positional relation between the rollers 
501 and 502. 

15 Particularly, in the illustrative embodiment, to 

control the rotation of the drive roller 501, use may be 
made of a feedback signal including a signal that has a 
gain of A*/B* relative to the AC component and is delayed 
by (T - t) relative to the AC component. Here, A denotes 

20 the sum of the radius of the driven roller 502 and the 
effective belt thickness kB^ at the portion where the belt 
500 and driven roller contact « Likewise, B denotes the 
sum of the radius of the driven roller 501 and the 
effective belt thickness PB^^ at the portion where the belt 

25 500 and drive roller 501 contact. Also, x denotes the 
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period of tijae necessary for the belt 500 to move from the 
center of the portion where the belt 500 and driven roller 
502 contact to the center of the portion where the belt 

500 and drive roller 501 contact while T denotes the 
5 one-tarn period of the belt 500^ When use is made of a 

feedback signal or a target reference signal, taking 
account of the radiuses of the rollers and belt moving time 
-c, the belt 500 can be accurately controlled even if the 
radiuses and positions of the rollers are freely designed. 

10 In the illustrative embodiment, test drive may be 

executed with the belt 500 while varying the amplitude and 
phase of the reference signal ref used to control the 
rotation of the drive roller 501, in which case the 
amplitude and phase of the reference signal ref will be 

15 set such that a difference between the reference signal 
and the AC signal derived from the test drive becomes 
minimxjon* Subsequently, the rotation of the drive roller 

501 is controlled in accordance with the result of 
conparison of the reference signal ref, which is so 

20 generated as to have the anqplitude and phase set by the 
test drive, and AC conponent. This test drive scheme can 
optimize the reference signal ref without resorting to 
trial and error and therefore promotes rapid startup of 
the drive control device. Also, by effecting the test 

25 drive at adequate timing, it is possible to execute belt 
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drive control little susceptible to aging and temperature 
variation. In addition, the belt drive control can be 
executed without resorting to a home sensor responsive to 
the home position of the belt 500. 
5 In the illustrative embodiment, there may be 

executed test drive that causes the drive roller 501 at 
constant angular velocity by using a reference mark 
provided on the belt 500. In this case, information 
representative of the amplitude and phase of the AC signal 

10 appeared over at least the one-turn period of the thickness 
variation of the belt 500 during the test drive are stored. 
Subsequently, the rotation of the drive roller 501 is 
controlled in accordance with the result of sensing of th 
reference mark and the result of comparison of a reference 

15 signal based on the above information and AC component. 
The reference signal thus generated promotes easy control 
over the belt drive while causing a minimum of control 
errors to accumulate. In addition, belt drive control 
little susceptible to differences between individual 

20 belts or individual rollers is achievable. 

In the illustrative embodiment, there, may be 
separated a plurality of AC con^onents corresponding to 
the periodic thickness variation of the belt 500 and 
different in frequency from each other « By controlling 

26 the rotation of the drive roller 501 on the basis of the 
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plurality of AC components. It is possible to move the belt 
500 at constant speed without regard to the thickness 
variation even when the thickness of the belt 500 has a 
compHcated distribution. 
5 In the illustrative embodiment, the drive roller 501 

and driven roller 502 may have the same radius in order 
to simplify the calculation of the gain for generating the 
feedback signal. In this case, the distance by which th 
belt 500 moves from the center of the portion where the 

10 belt 500 and driven roller 502 contact to the center of 
the portion where the belt 500 and drive roller 501 contact 
may be an odd multiple of a length corresponding to one-half 
of the period of thickness variation. This makes it 
possible to generate the feedback signal without resorting 

15 to the delay circuit. 

In the illustrative embodiment, when the drive 
roller 501 and driven roller 502 are different in radius, 
the above distance is selected to be an even multiple of 
the above length. This also makes the delay circuit 

20 unnecessary. 

In the illustrative embodiment, when a plurality of 
driven rollers exist, the encoder 601 should preferably 
be mounted on the shaft of a drive roller little susceptible 
to the thickness variation ascribable to temperature. 

25 This protects the data representative of the angular 
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displacement or the angular velocity of the driven roller 
502 sensed by the encoder 601 from the influence of 
temperature , 

In the illustrative embodiment/ the belt drive 
control device may be applied to a photoconductive belt, 
an intermediate image transfer belt or a sheet conveying 
belt included in an image forming apparatus/ so that such 
a belt can move at constant speed despite its thickness 
variation. The appeiratus can therefore produce high 
quality images free from irreguiar density and positional 
shift. Particularly, in the case of a color image forming 
apparatus, the belt drive control device obviates color 
shift. Further, in an image forming apparatus of the type 
transferring an dLmage from an intermediate image transfer 
belt to a sheet being conveyed by a conveying belt, the 
drive control device may control the drive of the 
intermediate image transfer belt or the conveying belt so 
as to obviate expansion or contraction of an image 
ascribable to a difference in speed between the two belts . 

Various modifications will become possible for 
those skilled In the art after receiving the teachings of 
the present disclosure without departing from the scope 
thereof « 



